Abstract -Alpine areas are extreme habitats that require special adaptations and involve major trade-offs in terms of life history. Amphibians have the ability to adapt both their life history and developmental traits to alpine environments. Temperate amphibians depend on the quality and availability of aquatic habitats for reproduction. We explored the aquatic habitat used by amphibians in the alpine area of Retezat Mountains, Southern Carpathians, Romania. We surveyed 40 aquatic habitats in a 380 ha area delimited by mountain crests and drained by a steep valley. Each aquatic habitat was characterized using 10 environmental variables. Only three amphibian species occur at elevations above 1900 m, the most widespread being the Common Frog Rana temporaria. The Common Frog showed preference for breeding aquatic habitats, the variables of importance being altitude, solar radiation, water chemistry and grazing. Higher elevation and lower solar radiation decreased frog occurrence, while the impact of grazing favored the use of water bodies. Acidification is eminent in the area with pH dropping below 5 in 20% of the water bodies. Overall, amphibian occurrence in alpine area can be partly explained by the characteristics of aquatic habitats.
Introduction
Temperate amphibians not only depend on the quality and availability of aquatic habitats for reproduction but also depend on suitable surrounding terrestrial areas to complete their year round life history (Van Buskirk, 2005) . They are ectotherm vertebrates with permeable skin that serves many physiological functions, at the same time making them sensitive to variation in microclimatic conditions and pollution. Alpine areas are extreme habitats that require special adaptations and involve major tradeoffs in terms of life history (Miaud and Merila¨, 2001) . Amphibians can adapt their life history and developmental traits to alpine environment by energy allocation in offsprings (Miaud et al., 1999; Miaud and Merila¨, 2001 ), age structure (Miaud et al., 1999 (Miaud et al., , 2000 , movement activity and population structure (Veith et al., 2002; Funk et al., 2005) , breeding activity (Elmberg and Lundberg, 1991) , morphology and development (Denoe¨l and Joly, 2000; Merila¨et al., 2000) , mating strategies (Vieites et al., 2004) and competitive ability of larvae (Lindgren and Laurila, 2010) .
Alpine lakes are good model systems for addressing large-scale effects of human activities because (i) they are relatively simple systems with few species and less complex food webs than lowland lakes, (ii) they respond rapidly to environmental changes including climate and atmospheric deposition and (iii) direct human influences are usually low (Psenner and Schmidt, 1992; Wolfe et al., 2001; Fjellheim et al., 2009) . Alpine catchments are vulnerable to anthropogenic pollution since the watersheds have limited capacity to neutralize acid deposition, except when in limestone areas, and pollutants will rapidly reach water bodies due to barren rocks, thin soils and sparse vegetation cover (e.g., Birks et al., 2004) .
Studies investigating the spatial distribution of amphibians in mountainous areas of Central and Eastern Europe are still scarce (e.g., Babik and Rafin´ski, 2001 ). The alpine area above the tree-line in the Retezat National Park is relatively free of man-mediated impacts. Low intensity grazing during the summer period and tourism, which is generally restricted, represents the only direct impact. The alpine landscape is characterized by a diversity of stagnant water bodies (glacial lakes, ponds, bogs and mires), interconnected by a dense network of streams. Most of the fish populations that until recently inhabited the larger glacial lakes have gone extinct. Past surveys of the herpetofauna in the park revealed the presence of seven species of amphibians (Coga˘lniceanu et al., 2001) , but only three (Rana temporaria L., Bufo bufo L. and Ichtyosaura alpestris L.) occur in the alpine area above 1700 m (Pla˘ias¸u et al., 2010) .
The Common Frog (R. temporaria) is the most widespread brown frog in Europe and in many areas is very common (Kuzmin et al., 2009) . It also occurs in the extreme environments, such as subarctic and alpine, where often is the only amphibian species present. It reproduces in water where the tadpoles develop for several weeks until metamorphosis, after which they migrate on land and spend the rest of their life. Understanding the ecology of the habitat use of this amphibian in extreme conditions will provide important insights for management and conservation measures, when considering alterations induced by climate change. In the present study, we focused on identifying the relevant environmental predictors of aquatic habitats used for reproduction by the Common Frog (R. temporaria) in an alpine area, based on the hypothesis that frogs are selective in their choice for breeding habitats.
Materials and methods

Study area
The Retezat National Park (RNP), located in the Southern Carpathians, was established in 1935. In 1979, RNP was included in the international network of Biosphere Reserves (MAB/UNESCO). It covers an area of over 38 000 ha, out of which 1630 ha is a strictly protected area. In the lower parts of the park, there are deep and narrow valleys, while the higher parts consist of glacial plateaus. The main geology is represented by Danubian metamorphic rocks dominated by slightly metamorphosed crystalline schists; the glacial relief allowed lakes to form in the deeper parts of the moraines (Schreiber and Sorocovschi, 1992 (Schreiber and Sorocovschi, 1992) . The climate is moderately cold and humid, with yearly average temperatures between 6 xC in the valleys and x 2 xC in the alpine areas. Annual rainfall varies between 900 and 1300 mm (Fa˘rcas¸and Sorocovschi, 1992) . The overall pattern of the surface distribution according to altitude in the Retezat Mountains is distinct, with more than half of the area above 1600 m (Urdea, 2000) . The steep mountain sides do not provide aquatic habitats for amphibians and isolate the populations from high and low altitudes.
In the Retezat Mountains, there are about 100 alpine lakes, of which 58 are permanent (Pis¸ota˘, 1971) . The conductivity of the water is very low and the pH is slightly acidic (Straskrabova et al., 2006) . Fish were historically known from seven lakes, and starting in the 1960s another 28 lakes were stocked with fish (Decei, 1981) . Introductions were carried out both with native (Salmo trutta lacustris L. and Phoxinus phoxinus L.) and non-native species (Salvelinus fontinalis Mitchill, Coregonus peled Gmelin and Oncorhynchus mykiss Walbaum) (Decei, 1981) . Fish have gone extinct from at least eight lakes previously stocked with non-native species. None of the three lakes from the study area previously stocked with fish holds amphibians. In the area studied by us only the deepest lake (Za˘noaga) still holds fish, but is still a breeding habitat for the Common Toad (B. bufo).
This study was conducted in the Judele glacial valley, on a 380 ha area. It is bordered by four large glacial lakes (Judele, Ascuns, Ra˘sucit and Za˘noaga) (Fig. 1) . The area is well delimited by high mountain crests and is funneled into a steep forested river basin that drains the entire zone. The area investigated is rather uniform, with patches of dwarf pine interspersed with grassland and scree, shaped by the dense hydrological network. There is a steep altitudinal gradient, with the proportion of dwarf pine decreasing and scree increasing with elevation.
Amphibian inventory
The present study was performed during three consecutive years from 2004 to 2006. Two visits were made each year: one in June and one in early September, by a team of three persons, for five days fieldwork in the area. In 2004, the site was visited only in autumn. Each water body was visited at least once a year in autumn and sampled for 15-45 min depending on size, depth, presence and/or density of amphibians and weather conditions. In June not all water bodies were ice-free, so no consistent observations could be made.
Amphibians were surveyed using diurnal visual transects and active search for adults and metamorphs along the entire shore, and visual search or netting for larvae in the water . The presence of larvae in the water and/or fresh metamorphs around the banks was an indication of successful reproduction. The high water transparency (total transparency for all aquatic habitats, except the deepest lake -Za˘noaga) coupled with the scarcity of submerged and riparian vegetation and submerged logs allowed for easy identification of larvae and adults.
Inventory of water bodies
We inventoried all permanent lakes and most of the temporary ponds (hereafter water bodies) in the study area, except for ephemeral (i.e., < 5 cm deep) ones. The total number of water bodies included in the study was 40.
D. Coga˘lniceanu et al.: Ann. Limnol. -Int. J. Lim. 48 (2012) [355] [356] [357] [358] [359] [360] [361] [362] Water bodies were characterized by a number of variables: water body location (x and y geographic coor dinates), elevation (m), solar radiation (WÁh/m 2 ), habitat type (permanent and temporary), surface (m 2 ), maximum water depth (cm), pH, conductivity (mS/cm) and the presence of fish and/or invertebrate predators (Coleoptera, Hemiptera or Odonata) (absent or present). The presence/absence of fish was based on visual assessments done during the period 2000-2008 from the bank. The presence of invertebrate predators was assessed visually and by dip-netting. The degree of isolation of each water body was estimated from the average distance of the focal water body to the nearest three water bodies (m). We quantified the only man-mediated impact in the area, i.e., grazing, as present or absent. Grazing (mostly sheep and rarely horses) occurs for about 3 months during the summer.
Geographic coordinates and elevation were recorded with a handheld Garmin GPS device. Water pH and conductivity were measured with a portable Oakton Waterproof pH/mV/C Meter after calibration. Morphometric data for the large glacial lakes were taken from Pis¸ota˘(1971) . Morphometric parameters such as slope and orientation were derived from SRTM 90 m Digital Elevation Data (Jarvis et al., 2008) in ArcGIS Desktop 9.3.1 using Spatial Analyst Tools (ESRI, 2009a) . Both slope and aspect raster data values were used to calculate the degree of insolation. The point solar radiation analysis tool (ESRI, 2009b) was used to calculate the amount of radiant energy for each sampling site based on methods from the hemispherical view shed algorithm (Fu and Rich, 2002) . Solar radiation calculations were performed for the period 1 August-1 October in each year (2004) (2005) (2006) , and an average value was computed.
Data analysis
Prior to analysis all continuous variables were ztransformed (standardized to an average of zero and a standard deviation of one) in order to increase comparability of the variables effects (Ć irovic´et al., 2008) . We classified each aquatic habitat into three groups: (1) only adults were present (i.e., suitable as habitat but not used for breeding); (2) larvae and metamorphs were present (i.e., suitable for breeding); (3) neither larvae, metamorphs nor adults were present (i.e., unsuitable). A discriminant function analysis (DFA) was run to explore the multivariate differences among the three groups. We further classified the aquatic habitats into "reproductive sites" (sites where larvae and metamorphs were present) and "non-reproductive sites" (sites where no life stage or only adults were present). Generalized linear models (GLMs) were used to relate the explanatory variables to R. temporaria habitat used for breeding. A binomial error distribution (logit regression) was assumed to relate the binary response variable (1 = reproductive sites; 0= non-reproductive sites) and explanatory variables. We designed a set of seven biologically reasonable models (Table 1 ) and selected the best approximating model using the Akaike's Information Criterion corrected for small samples sizes (AICc) (Burnham and Anderson, 2002) . Three predictors' models were considered the most complex models based on the minimum sample size required for multiple regressions (http://www.danielsoper.com/statcalc/calc01.aspx).
To avoid multi-collinearity, for models including several variables, Spearman's rank correlation coefficient was used to check the correlation between pairs of the transformed variables. The models were ranked according to their AICc values, the best model having the smallest AICc value. Delta (D) AICc was computed as the difference between each model and the best model. The Akaike weights (w i ) express the weight of evidence favoring the model as the best of all models. Statistical procedures were implemented in R 2.1.0 (R Development Core team, 2009). Model selection and model averaging were performed with AICcmodavg package (Mazerolle, 2009) .
Results
Water bodies' survey
The water bodies were located at elevations between 1972 and 2202 m (mean and standard deviation: 2083¡ 64 m a.s.l.) ( Fig. 1) : 65% (n = 26) were permanent and 35% (n= 14) were temporary. One-fifth of the investigated water bodies had a pH lower than 5. The parameters characterizing the water bodies are presented in Table 2 . Fish were present in only one lake, while invertebrate predators were present in 42.5% of the water bodies (n= 17). The average distance between the three nearest neighbor water bodies was 198.8 ¡ 97 m.
Habitat use
Amphibians were present in 67.5% of the water bodies. R. temporaria was found in 65% of the water bodies, I. alpestris in 17.5% and B. bufo in 7.5%. R. temporaria had the widest altitudinal range and reached the highest elevation (2195 m), while B. bufo reached 2021 m and I. alpestris 2095 m. Amphibians reproduced in 40% of the water bodies, with half of the habitats containing two species (i.e., R. temporaria and one of the other two amphibian species). R. temporaria reproduced in 14 water bodies (34%).
DFA generated two functions that together accounted for 100% of the variance between the three R. temporaria groups considered (i.e., with larvae or metamorphs, only with adults or no life stage present) ( Table 3 ). The first function accounted for 64.1% of the variance, and was most highly correlated with solar radiation (r = 0.735) and with altitude (r= x0.646). The second function accounted for 35.9% of the variance, and was most highly correlated with grazing (r= 0.968). The distribution of the water bodies according to their use was partly overlapping but still distinct among those used for reproduction (category 2), used as habitat only by adults (category 1) and avoided (category 3) (Fig. 2) .
None of the seven GLM models could be discarded, all having a DAICc < 10 (Table 4) . The model best supported 5.5 (4.5-25.5) by the data included solar radiation and altitude (regional climatic model). The grazing model and water chemistry model were also highly ranked (DAICc < 2) and are similarly plausible to the regional climatic model. The explained deviance of the best models ranged between 38.82 and 44.28, indicating a generally good explanatory power for the models.
Discussion
R. temporaria occurrence was explained based on several variables that reflected its aquatic habitat preferences. In an alpine area, the availability of breeding habitats for amphibians is generally limited, both in structure and by elevation (Bosch and Martinez-Solano, 2003) . Nevertheless two-thirds of the accessible habitats were not used by R. temporaria for breeding, supporting the hypothesis that frogs selected their reproduction sites and did not use them randomly. This is similar to the study of Gro¨zinger et al. (2012) in northern Bavaria that showed that only one-third of the available ponds were used for spawning. We also found that habitat use by R. temporaria is influenced even by small human-related perturbations such as grazing.
The regional climatic model of our study was ranked the best, and it included altitude. This is consistent with a similar study in a mountain range in Central Spain reported that the only limiting factor to amphibian distribution appeared to be altitude (Bosch and Martinez-Solano, 2003) . In our study, the density and quality (in terms of depth and area) of aquatic habitats decreased with altitude. The observed altitudinal occurrence of the three amphibians found by us is consistent with the reported highest altitudinal limits for R. temporaria (2500 m) and for B. bufo (2160 m) (Vences et al., 2003) . High altitude populations are often experiencing mortality because of extreme climate events, and this may influence the observed occurrence patterns. R. temporaria is particularly exposed to winter mortality because a significant proportion of the population overwinters in water due to lack of suitable terrestrial hibernacula. For example, the winter of 2004-2005 was longer than usual, with below zero temperatures lasting for 8 months at elevations above 2000, until the beginning of June 2005. The low levels of dissolved oxygen in the water trapped below the ice (e.g., Tattersall and Ultsch, 2008 ) caused a mass mortality event in a R. temporaria population that used a shallow permanent alpine lake located at 2140 m for breeding and overwintering. More than 80 dead adults were observed trapped under ice by mid-June, when ice thaw allowed partial visibility in the lake (Coga˘lniceanu and Hartel, 2005) . Coping with extreme climate events may represent an additional variable used in habitat selection, though difficult to quantify. Our results pointed to two important variables (solar radiation and altitude) that are both indicators of temperature variation.
Climate is also a forcing agent on the acid-base balance in the sensitive high-altitude lakes (Koining et al., 1998) . Water chemistry, particularly acidification, appears to play only a minor role on amphibian global decline (Beebee and Griffiths, 2005) , but low pH was shown to cause in R. temporaria a prolongation of embryogenesis, increased embryonic mortality and increased larval period, resulting in lower reproductive success (Glos et al., 2003) .
Retezat Mountains are being affected by acidification, with critical load exceedance recently reported for the first time (Curtis et al., 2005) . The water chemistry model in our study was highly plausible and included the pH. Thus, both low summer temperatures and pH delay larval development and a prolonged larval period can seriously limit the species ability to breed successfully in higher altitude water bodies. The use of temporary water bodies for breeding may be risky due to their unpredictable hydroperiod. The tadpoles of R. temporaria may cope with such uncertainties based on their extreme phenotypic plasticity (e.g., Loman, 1999) , which is higher in alpine populations (Sommer and Pearman, 2003) . Overall we expect that the predicted pH decline in the future will increase the number of unsuitable water bodies for reproduction. This in turn might cause a fragmentation of the present range with the loss of the patchy population structure. The third model that ranked among the best was the man-mediated impact model, the only impact in the area being grazing. The relationship between the grazing intensity and the amphibian occurrence in ponds and lakes is still a largely unexplored topic of amphibian conservation ecology, with no studies available for high elevation areas. Although some studies claim a negative impact on amphibians (Schmutzer et al., 2008) , other report a differential species-specific response (Burton et al., 2009) . Low intensity grazing may contribute to the maintenance of wetlands through the removal of excessive vegetation that would otherwise adversely affect pond quality for amphibians (Pyke and Marty, 2005) . We consider that moderate grazing has a two-fold beneficial impact in the study area. Most important of all it increases the food resource: for tadpoles from the input of nutrients provided by manure in the oligotrophic water bodies, and for juveniles and adults by increasing invertebrate abundance in the nearby terrestrial zone. It also maintains a low height of the vegetation cover in surrounding grasslands, thus facilitating dispersal.
The low distance between water bodies (ca. 200 m on average) was well within the movement distance recorded for R. temporaria and the other two species found by us (Kovar et al., 2009) . Nevertheless, the GLM isolation model had one of the highest deviance (44.28%) and cannot be discarded. Given these conditions, we believe that the R. temporaria population studied by us has a 'patchy population' character (Harrison and Taylor, 1997) . The two other species of amphibians present in the area occur together with R. temporaria, and their presence can thus be considered an indicator of a quality aquatic habitat for breeding.
Our study showed that the occurrence of amphibians in relatively pristine alpine areas of Eastern Europe can be partly explained by water body characteristics. A similar study conducted in a forested area in northern Bavaria (Gro¨zinger et al., 2012) could not identify environmental variables to explain habitat selection. This was probably due to the higher complexity of the habitats studied, highlighting the importance and value of studies in less complex alpine habitats. R. temporaria showed selectivity in its choice of water bodies for breeding, and can also be considered a good surrogate species for assessing aquatic habitat suitability for other amphibians. Despite the high density of aquatic habitats and the widespread presence of amphibians, they persist and expand based only on several temporary and permanent aquatic habitats that act as source populations. This in turn raises an important conservation issue since water bodies have contrasting values for the persistence of amphibians. It is important to identify water bodies where reproduction was successful, since they require special attention, especially in terms of banning fish stocking and permitting moderate grazing in their vicinity. The importance of high altitude water bodies for the persistence of amphibian populations is relative due to the shifts in conditions associated with climate change. Thus, regular monitoring is required for the periodic re-evaluation of their status and conservation value. 
